Abstract-Approximations are introduced into a magnetic field integral equation (MFIE) formulation of a two-dimensional (2-D) terrain scattering problem, which allow most of the integrals inherent in the MFIE to be performed analytically. The implementation of the method is discussed and an example is given comparing its performance against a reference solution and measured data. The new formulation applies to both TM and TE polarizations and is an improvement over the electric field integral equation (EFIE) formulation of the tabulated interaction method (TIM) in that far-field patterns can be calculated analytically leading to increased flexibility of the method.
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where ji = i 0 j and = 2= is the wavenumber of the radiation of wavelength .
We propose introducing two approximations which will allow the majority of the integrals occurring in equation (1) to be calculated analytically. This is in contrast to standard moment-method-based solutions, which are effectively forced to calculate such integrals numerically, a requirement that leads to their well-documented computational burden. The approximations are K z ( i ) Publisher Item Identifier S 0018-926X(00)05782-3. 
where
where (see Fig. 1 
This allows us to write, inserting (8) into (6) and recalling the definition of a segment's far-field pattern
where f f f L (q;r) =ê e eL(q) +ê e eL(r):
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where f(q; r) = cos q + cos r , a is the arclength of the segment and I(q; r; a) = a; f(q; r) = 0 2 sin(af (q; r)=2)=f(q; r); otherwise. is to truncate the summation of (9) at L 0 1, thereby assuming forward scattering and allowing for the sequential calculation of the A L q coefficients. Once known, these coefficients are used via (16) to trivially calculate the far-field pattern for that segment, which in turn is used in the calculation of the coefficients associated with subsequent segments as well as the electric field above the surface. It is important to note that, considering the geometry of typical terrain problems, which leads to near-grazing propagation, the majority of the coefficients A L q will equal zero. Only coefficients pertaining to propagation in the near-horizontal direction will be excited. Hence, our current description is very much compressed, a few A L q coefficients is all that is necessary to describe a current residing on a group. In the numerical example presented in Section II the maximum number of coefficients needed to represent the current on any segment was 13. This is in contrast to a standard pulse-basis approach, which would have required over 300 unknowns per segment. This compression means that far-field patterns can be calculated very efficiently indeed and the complexity of the method reduces to O(M 2 ) where M is the number of segments used in the problem.
II. IMPLEMENTATIONAL ISSUES AND NUMERICAL RESULTS
First, one should note that in cases where each segment is the same length a, the quantities I(q; r; a), being the essential "building blocks"
of each segment's far-field pattern as per (16), will be required repeatedly throughout the implementation. To ensure efficiency they should be calculated once for each pair (q; r) and stored in a matrix to be used as required. Our previous formulation [2] was based on an EFIE and did not allow a simple analytic formula for I(q; r) such as is given by (17). Instead these important quantities were numerically tabulated and imported from problem to problem. Subsequent work [3] has suggested that such approximate analytical results are possible within the EFIE framework though they are more complicated than the simple results presented here. In addition, when one considers the geometries of typical terrain profiles it is understood that we only need calculate and store group far-field patterns for a limited range of near-grazing angles. Hence, we need only calculate the "building blocks" I(q; r) for pairs (q; r) relating to propagation residing within a few degrees of grazing. The Terrain was sampled at 50 m intervals and we worked with linear segments 25 m in length. FAFFA was used to explicitly compute current samples and far-field patterns for first 150 m of profile. Analytic far-field patterns were used for the rest of the terrain. 1 = =200 and in order to calculate near-field interactions we used P = 30 subsegments. The near-field was restricted to the interaction between adjoining segments. memory requirements of the TIM are thus of a similar order to the FAFFA.
The second issue is that the introduction of the approximation (4) is invalid in the immediate vicinity of the source, rendering (8) and the subsequent analytical evaluation of the far-field patterns invalid for segments in this region. This problem is easily rectified by explicitly calculating current samples in this region using the fast far-field algorithm [1] or some other such fast scheme and numerically calculating the far-field patterns of these near-source segments.
The final issue is that the geometric approximations underpinning 
where each subsegment is now of arclength a=P . We then use the more precise relation
where F L (p) ( pl ) can be found by interpolating between the F L (p) r . The computational technique outlined in this paper has been used to calculate fields over several terrain profiles for which experimental data has been made available. Fig. 2 illustrates the excellent agreement between the fields predicted by the techniques outlined in this paper and both the measured data and a slow reference solution which used a forward scattering EFIE-based solution. Our new computational method, running on an IBM Power PC, took 5 s to give the results shown. This should be compared with computation times of the order of a day for the reference solution. Our experience has shown that most practical terrain propagation problems can be accurately analyzed using the TIM. However, the geometrical approximations underpinning the method become suspect when applied to structures with sharp wedge-like protusions such as buildings etc. In these cases it is advisable to consider a hybrid FAFFA/tabulated interaction method (TIM) approach allowing for more accurate near-field analysis in problem areas as required. In conclusion, the ability to analytically describe the currents residing on a given segment and, hence, its far-field pattern lends a great flexibility to our new MFIE-based formulation of the TIM.
I. INTRODUCTION
The dielectric resonator antenna (DRA) [1] is an attractive radiator because of having no metallic loss. It offers other advantages such as small size, light weight, low cost, and ease of excitation. Moreover, the DRA can be easily integrated with active circuitry and a number of excitation schemes [2] - [7] were investigated for this purpose. In these excitation schemes the DRA resides either on the feedline side or on the ground plane side. The former suffers from the problem of spurious coupling between the DRA and active circuitry, whereas in the latter the DRA occupies one side of the feed substrate and, thus, substantially reduces the usable substrate area. To solve these problems, the aperturecoupled DRA with a perpendicular feed has been proposed recently [8] . This method is especially useful for implementation of large phased arrays where a large substrate area is required to accommodate phase shifters, amplifiers, feed lines, bias lines, etc. Thus far, the study has been solely experimental and limited to the cylindrical DRA only. In this letter, the hemispherical DRA version is studied theoretically and experimentally, with the DRA excited at the fundamental TE 111 mode [5], [9] . The effects of the slot length and offset on the input impedance are discussed. Moreover, the effect of substrate permittivity, which has not been investigated in [8] is also reported in this letter.
II. THEORY
The geometry of the antenna configuration is shown in Fig. 1 , where a hemispherical DRA of radius a and dielectric constant "ra is excited by a slot of length L and width W . In general the DRA has offsets y d and z d from the z-axis and y-axis, respectively. A 50-microstripline of width W f is printed on the perpendicular feed substrate of dielectric constant " rs and thickness d. The cross section of the substrate was used to feed the slot. At the aperture position, the mircrostripline and its ground plane are electrically connected to the DRA ground plane.
The approach of [10] is used in the analysis. By using the equivalence principle, the slot is short-circuited and the fields are generated by two equivalent magnetic currents flowing on adjacent sides of the DRA ground plane. First consider the feedline part. The microstripline is assumed to be propagating a quasi-TEM mode of fields E 6 =ẽe 7j x andH 6 = 6he 7j x , whereẽ(y; z) = eyŷ + ezẑ andh(y; z) = h yŷ + h zẑ are normalized transverse modal fields [11] and f is the propagation constant of the microstripline fields. Suppose there is an incident signal of fieldsẼ The author is with the Department of Electronic Engineering, City University of Hong Kong, Kowloon, Hong Kong.
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